O
TOACOUSTIC EMISSIONS (OAEs) are echo-like sound waves that originate from the inner ear. These emissions are a by-product of the cochlear amplification mechanism, produced by outer hair cells in the cochlea (Morlet et al. 1996; Rodenburg and Hanssens 1998; Kemp 2002) . OAEs are classified on the basis of how they are evoked. When they occur without any external stimulus, they are called spontaneous OAEs. OAEs that are evoked in response to click stimuli are called click-evoked OAEs (CEOAEs, Kemp, 2002) . CEOAEs are echo-like sounds that persist in the ear canal for tens of milliseconds following a brief transient stimulus. We replicated the sex difference in ceoae response amplitude in the control samples. This sex difference, however, was not present in the gid groups.
Boys with gid showed stronger, more female-typical ceoaes whereas girls with gid did not differ in emission strength compared with control girls.
Based on the assumption that ceoae amplitude can be seen as an index of relative androgen exposure, our results provide some evidence for the idea that boys with gid may have been exposed to lower amounts of androgen during early development in comparison to control boys.
Interestingly, researchers have found sex differences in the frequency and emission strength of OAEs (Strickland et al. 1985; Collet et al. 1993; Moulin et al. 1993; McFadden et al. 1996) . Females appear to generate stronger and higher numbers of OAEs than males. This sex difference in emission strength and frequency is present directly after birth (Strickland et al. 1985; Burns et al. 1992; Aidan et al. 1997; Kei et al. 1997; Driscoll et al. 1999; Cassidy and Ditty 2001; Thornton et al. 2003; Saitoh et al. 2006; Berninger 2007) . The outer hair cells of the cochlea have been reported to develop between the 9 th and 22 nd week of gestation (Lavigne-Rebillard and Pujol 1986; Pujol and Lavigne-Rebillard 1995), a time window that overlaps with the critical period for sexual differentiation, when testosterone levels in male fetuses are elevated (Finegan 1989) . Therefore, it is assumed that the sex difference in OAE amplitude develops as part of the sexual differentiation of the fetus and thus is under the organizational influence of sex steroids.
So far, several studies have suggested that CEOAEs are affected by androgens. Thus, lower amplitude CEOAEs, present in males, are proposed to originate from high prenatal exposure to androgens, which are suggested to diminish emission strength (McFadden 1993 (McFadden , 1998 McFadden et al. 1996) .
The dampening effects of androgens on CEOAEs may not be restricted to the prenatal period, but rather extend to and coincide with the peri-/postnatal testosterone surge in male infants (Corbier et al. 1992; Quigley 2002) . For instance, testosterone levels in male infants, assessed between the first six months post-natally, have recently been associated with later sex-typed play behavior in children (Lamminmäki et al. 2012) . Results from several animal studies support the idea that higher concentrations of androgens, naturally present in males, exert inhibitory effects on CEOAEs. For instance, male and female rhesus monkeys (Macaca mulatta), treated with testosterone prenatally, showed weaker (i.e. masculinized) CEOAEs when 5 -6 years old, whereas male monkeys that had received androgen receptor blockers during early development had stronger CEOAEs compared to untreated males (McFadden, Pasanen, Raper, et al. 2006) . Similar hormonal manipulation studies have been conducted in other animal species such as the spotted hyena and sheep (McFadden, Pasanen, Weldele, et al. 2006; McFadden et al. 2009 ). In both sexes of both species, prenatal treatment with testosterone had diminishing effects whereas treatment with androgen receptor blockers enhanced CEOAE amplitudes. Even though these animal studies are based on relatively small sample sizes, they suggest that androgens may have organizational and dampening effects on CEOAEs.
There is some indirect evidence from human studies supporting the explanation of prenatal androgen effects on sex differences in OAEs: women with a male co-twin showed a significant masculinization of their auditory system; that is, compared to women having a female co-twin; they exhibited a reduced prevalence of spontaneous OAEs (McFadden 1993) . Later studies confirmed that women with a male co-twin showed more male-typical numbers of sponta- et al. 1996) ; however, apparently due to a lack of statistical power, these effects failed to reach statistical significance. It has been proposed that females, sharing the womb with a male co-twin, are exposed to increased levels of androgen originating from the male fetus, a developmental occurrence observed in many mammalian and rodent species (vom Saal 1989; Rohde Parfet et al. 1990; Ryan and Vandenbergh 2002) . McFadden (1993) , McFadden and Loehlin (1995) , and (McFadden et al. 1996) did not measure other purportedly masculinized characteristics or behaviors in their female subjects having a male co-twin, next to their relatively masculinized auditory system. However, several other studies found that women with a male co-twin, in contrast to same-sex female twins, showed significantly masculinized behavioral and cognitive traits, as well as more masculine personality traits (Boklage 1985; Resnick et al. 1993; CohenBendahan et al. 2004 CohenBendahan et al. , 2005 Vuoksimaa et al. 2010; Slutske et al. 2011 ).
Another study compared CEOAEs of men and women with a hetero-, homoor bisexual orientation (McFadden and Pasanen 1998 were measured, the OAE differences in heterosexual and non-heterosexual females were replicated and the non-heterosexual males were hypermasculinized compared to heterosexual males (McFadden and Champlin 2000) . Based on the assumption that differences in perinatal androgen exposure underlie adult sexual orientation and other sexually differentiated characteristics, measuring
CEOAEs might provide an insight into a person's perinatal sex hormone environment.
Next to the organizational effects sex hormones may exert on OAEs, a few studies addressed possible activational androgen effects on OAE production in humans. Snihur and Hampson (2012 -a) showed that CEOAE response amplitudes in adult men were negatively correlated to seasonal changes of testosterone levels. Other studies found small changes in OAEs during the menstrual cycle (Bell 1992; Haggerty et al. 1993; Burns 2009 ) and reported dampening effects of hormonal contraception on OAEs in women (McFadden 2000; Snihur and Hampson 2012 -b) . Although these effects were small to moderate, they suggest, however, that OAE production might be modulated by sex steroid exposure beyond the perinatal period and that the cochlear-amplifier mechanism may be subject to plastic changes in structure and function later in life. it is argued that GID may indeed have a genetic component. However, the significant numbers of monozygotic twins who are discordant for GID support the notion that other factors, such as pre-and postnatal environmental effects, also may play a role in the development of GID. Thus, it is probable that GID is caused by interactions between genetic and environmental events.
Individuals, diagnosed with Gender Identity Disorder (GID) according to the

Diagnostic and Statistical Manual of Mental Disorders
The current working hypothesis is therefore that alterations in exposure to sex steroids, potentially due to genetic factors, during a critical period of sexual differentiation of the brain may underlie the strong sense of incongruence of one's gender identity and natal sex. In the attempt to retrospectively evaluate their perinatal hormonal environment, in particular the relative extent of androgen exposure, we measured CEOAEs in a group of children and adolescents diagnosed with GID and compared their emission strengths to those of boys and girls without GID.
Methods
PARTICIPANTS
THE INITIAL SAMPLE CONSISTED of 187 subjects, of whom 13 had to be excluded due to invalid measurements or errors during data collection in both ears. All other 174 subjects had at least one (left or right ear) valid CEOAE measurement. Twenty-four boys and 23 girls, all meeting the DSM-IV-TR criteria for early onset GID,
were recruited via the Center of Expertise on Gender Dysphoria at the VU University Medical Center in Amsterdam. Sixty-five boys and 62 girls served as control subjects, who were recruited via several primary and secondary schools in the Netherlands and by inviting friends and relatives of the participants with GID.
At the time of measurement, none of the individuals with GID had undergone any medical intervention (i.e., pubertal suppression with a gonado tropinreleasing hormone analogue or cross-sex hormone treatment) (Cohen-Kettenis, Steensma, et al. 2011; Kreukels and Cohen-Kettenis 2011) . Age of participants ranged from 5.0 to 16.9 years; therefore, several adolescents were already pubertal at the time of measurement. Female adolescents were tested randomly according to their menstrual cycle. By means of a short questionnaire, all participants were screened for current hearing problems, prior ear infections, or other past adverse events that might have compromised current hearing.
All children received a small gift as reimbursement for participation in the study. The Ethical Review Board of the VU University Medical Center Amsterdam approved the study and written informed consent was provided by all subjects and their legal guardians.
PROCEDURE AND MEASURES
CEOAE RECORDINGS WERE performed with EZ-screen software and with an Otodynamics echo-port system ILO288, in combination with a laptop computer. The apparatus was calibrated each time it was put online for use. CEOAEs were recorded in five different frequency bands: 1000, 1414, 2000, 2828, and 4000 Hz.
CEOAEs were recorded in the nonlinear QuickScreen mode with a time window canal so as to seal the cavity completely. The probe fit was evaluated by the noise-level rejection meter; CEOAE data were regarded useful when environmental-noise levels did not reach a threshold of 6 mPa. Participants were seated in a comfortable chair and asked to relax their body and face muscles during the recordings in order to ensure a low noise measurement. The testing rooms in the hospital and school buildings used for CEOAE recordings were not fully soundproof. However, environmental noise had no effect on the measurements as long as the participants were relaxed enough to avoid noise production. 
Results
SUBJECT CHARACTERISTICS AND mean CEOAE amplitudes are shown in Table 1 . From the sample of 174 participants tested, we were able to collect a total of 166 valid right ear and 141 valid left ear CEOAE measurements. The groups did not differ significantly with regard to age, although boys with GID were slightly younger compared to the other groups. We therefore explored possible effects When within-subject effects of Ear were inspected for the controls and participants with GID separately, a 2 (Sex) × 2 (Ear) ANOVA in the control groups re- In the subjects with GID, a significant main effect for Ear was found, F(1, 35) = 11.4, p = .002, whereas the main effect for Sex was not significant, F(1, 35) < 1, nor was the Ear by Sex interaction, F(1, 35) < 1. Thus, boys and girls with GID showed no significant sex differences in CEOAE amplitude, but both showed significant ear asymmetries, with stronger mean CEOAEs in their right compared to their left ears.
When adding age as a covariate to these ANOVAs for within-subject effects of Ear, the results for the ear asymmetries changed. The 2 (Sex) × 2 (Group) × 2 (Ear) mixed-model ANOVA now revealed again a borderline Ear by Group interaction, F(1, 128) = 3.4, p = .066, but no main effect for Ear, F(1, 128) = 1.0. Thus, age modulated the CEOAE ear asymmetry across sex and between groups, but showed no significant main effect in itself, F(1, 128) < 1.
The 2 (Sex) × 2 (Ear) ANOVA including only the control groups, when covarying age, revealed a borderline main effect of Sex, F(1, 93) = 2.9, p = .090, and for the Ear by Sex interaction, F(1, 93) = 3.7, p = .058. Thus, dependent on the ear tested, control boys and girls tended to show sex differences in CEOAE amplitude.
The 2 (Sex) × 2 (Ear) ANOVA including only participants with GID now revealed a borderline main effect of age, F(1, 34) = 3.3, p = .079, but again, co-varying for age diminished the former effects of Ear, F(1, 34) = 1.9, p = .174. Also, no main effect for Sex was observed, F(1, 34) < 1, in the groups diagnosed with GID.
GENDER DIFFERENCES IN RIGHT EAR EMISSIONS
IN ORDER TO INVESTIGATE sex differences in CEOAE amplitude between groups, one-way ANOVAs were conducted, separately for the right ear and left ear CEOAE data.
Mean CEOAE amplitudes of the right ear data differed significantly between the four groups, F(3,165) = 5.6, p = .001, (see Figure 2 .
1). Duncan's post-hoc test
showed that the boys with GID neither differed significantly from the control boys nor from the control girls and girls with GID. In contrast, the control boys had significantly lower response amplitudes than the two natal female groups. 
GENDER DIFFERENCES IN LEFT EAR EMISSIONS
THE ONE-WAY ANOVA for the left ear CEOAE data was not significant, F(3, 140) < 1 (see Figure 1 and Table 1 Consistent with several earlier studies (Strickland et al. 1985; Collet et al. 1993; McFadden 1998; Mcfadden 2009 ), sex differences in emission strengths were observed in the control group, with girls having significantly stronger emission amplitudes than boys. Our finding that boys with GID showed stronger, more female-typical emissions compared to control boys suggests that boys with GID might have been exposed to relatively lower amounts of androgens during early development. The effect sizes for the comparison boys with GID versus control boys were similar to those for control girls versus control boys, supporting the notion of a hypomasculinized early sexual differentiation in boys with GID. However, considering the lack of statistically significant differences between the control boys and the boys with GID and the relatively small sample size of subjects with GID, this conclusion may still be premature and our results therefore need to be interpreted with caution. Furthermore, our findings did not support the hypothesis of an increased exposure to androgens in girls with GID during prenatal development. Though speculative, this might reflect that GID in females does not develop under the influence of prenatal androgens or at least not during the same critical time window as when androgens exert influences over OAEs. In those analyses involving only the control subjects, the ear asymmetry effects masked the sex differences in mean CEOAE amplitude, which for both the right and left ear CEOAE data were revealed when age was added as a covariate to the design. Thus, the sex difference in CEOAE amplitude in both ears was significantly modulated by the participants' age. 2012 -a, 2012 -b) . In the current study, control participants' age ranged from 5.0 to 16.9 years; thus, several boys and girls were pubertal at the time of the measurement. Therefore, our finding that age modulated the sex difference in CEOAE amplitude responses may reflect variability in pubertal status and associated circulating sex hormone levels in our control group samples, exerting activational effects on the sex difference in OAEs. In the current study, however, no attempt was made to assess pubertal stages (Marshall and Tanner 1969, 1970) or to determine participants' actual sex hormone levels. Therefore, we cannot provide a direct link between sex steroid levels and differences in emission strength between girls and boys. Future studies are required, in which Tanner stages and/or circulating gonadal hormone levels, as more direct indicators of puberty, are related to CEOAE strength.
To our knowledge, no other study has investigated the relationship between the development of gender identity and prenatal androgen exposure, using OAE measurements. Another supposed retrospective indicator of relative androgen exposure during early development is the ratio between the length of the index finger and the ring finger, the 2D:4D ratio (Williams et al. 2000; McFadden and Shubel 2002; Peters et al. 2002; Grimbos et al. 2010; Hönekopp and Watson 2010) . Although OAEs and digit ratios, when directly compared, However, in the present study we found more female-typical CEOAEs only in the boys with GID, but no male-typical emission strengths in the girls with GID.
This discrepancy might suggest that digit ratios and OAEs are two distinct measures and may be differentially affected by circulating hormone levels.
Some limitations of the present study should be addressed. It should be noted that we could not control for two important factors, possibly influencing our results. One factor is sexual orientation, simply because most of the participants were too young to report about their sexual preferences. Prospective follow-up studies have shown that most, but not all of the children and young adolescents diagnosed with GID, will develop a homosexual orientation -in relation to natal sex -later in life (Green 1987; Drummond et al. 2008; Wallien and Cohen-Kettenis 2008; Singh 2012) . Another factor is whether the feelings of gender dysphoria in children, diagnosed with GID at the time of measurement, will persist into adulthood. Only about 15.8% of the childhood GID cases will eventually lead to adult GID (Steensma et al. 2011 ). At present, we cannot determine whether the stronger response amplitudes of OAEs in boys with GID may be related to their different gender identity, may be related to current but possibly passing feelings of gender dysphoria and gender variant behaviors, or could be the disposition for a future homosexual orientation. Interestingly, when
OAEs were measured as a function of sexual orientation, it was found that lesbians showed more male-typical, i.e., less frequent and lower response amplitude OAEs, compared to heterosexual females (McFadden and Pasanen 1998, 1999; Loehlin and McFadden 2003) whereas gay men did not differ from heterosexual men in OAEs. These findings suggest that any association between sexual orientation and OAEs only applies for females and may further emphasize the different mechanisms underlying sexual orientation and gender identity. 
